inexpensive and environmentally sustainable and gives a long-term and visually attractive effect. Nevertheless, metalliferous wastes are very unfavourable environments for plants, and their introduction must be performed followed by additional procedures. First, the surface of the wastes must be stabilized and shaped (technical phase) and then they must be covered by a humus layer, which constitutes a fertile substrate for plants (biological phase) [3] .
Carabid beetles and ants are considered pioneers in reclaimed areas. As Carson and Root [9] proved, the herbivorous activities of carabids can be crucial for plant diversity and dominance during the early phases of succession. In turn, both carabid beetles and ants as predators control the communities of many invertebrates and can influence decomposition and nutrient-cycling processes [10] [11] . Additionally, the activity of ants improves the physical and chemical properties of soil [12] [13] [14] .
The aim of the present study was to describe species diversity of carabids and ants inhabiting two separate, reclaimed zinc-lead tailing ponds named Trzebionka and Bolesław. Both sites are extremely polluted by trace metals. Both tailing ponds are built of deposits of different ages. As a consequence, the plant cover represents variable stages of succession, from open areas to old forest stands. We endeavoured to collect samples of carabids and ants reflecting this heterogeneity; therefore, carabids and ants were sampled from various parts of the tailing ponds. Species diversity was described using multivariable statistical methods.
Materials and Methods

Study Sites
The present study was conducted at two tailing ponds: Trzebionka and Bolesław. The process of storing the waste in both tailing ponds was similar. The upper parts of the tailing ponds represent the youngest deposits of waste material, while the bases represent the oldest deposits. The study sites differ in the effects of the reclamation processes. The hillsides of Trzebionka have permanent plant cover representing different stages of succession, from early to advanced. Thus, the upper and lower parts of the pond are covered with planted herbaceous plants, shrubs, and trees, respectively. In turn, the hillsides of Bolesław tailing pond are at an early stage of succession and are dominated by herbaceous plants originating mainly from natural succession.
Trzebionka tailing pond is located in Trzebinia (50°09'N, 19°25'E). It was established at the end of the 1960s and was in use until 2009. Trzebionka has a trapezoidal shape with a 64 ha base and a height of about 40 m [15] . The basic properties of the post-flotation wastes of Trzebionka are listed in Table 1 . Both technical and biological reclamation work was simultaneously applied to restore the hillsides. The technical reclamation was based on reinforcing the hillsides with a layer of crushed dolomite. The biological phase consisted of covering the waste with a 30-cm-deep humus layer, sowing grasses, and planting trees and shrubs that were selected for their high metal tolerance, drought tolerance, and low nutritional requirements. Additionally, the phytoremediation process was supported by a sprinkler system that watered the area during periods of drought [15] .
The Bolesław tailing pond is located in Bolesław (50°17'N, 19°29'E). It was established in the 1950s and is still in use. The tailing pond has a trapezoidal shape and covers an area of 110 ha, rising above the surrounding terrain to a height of 42 m [17] . The basic properties of the post-flotation wastes of Bolesław are listed in Table 1 . The technical reclamation conducted on Bolesław was based on reinforcing all hillsides with a layer of loamy deposit. The biological reclamation consisted of covering the waste with a 20-cm-deep layer of humus with municipal sewage sludge and sowing grasses. Unlike Trzebionka, the plantings of trees and shrubs were not conducted simultaneously on all surfaces of the hillsides, but were introduced only to selected areas [18] . The small number of introduced plants and the lack of supporting the phytoremediation process by watering has led to the absence of permanent plant cover. In some small parts of the hillsides, planted species have disappeared and erosion has removed the soil over the waste, uncovering the substratum.
Sampling
The sampling of carabid beetles and ants was carried out on the hillsides of the tailing ponds from June to October in 2010 and 2011 (5 months in total). In both study sites, 60 pitfall traps filled with alcohol were installed. For each hillside exposition, i.e., north, south, and east, 20 pitfall traps were set up in two transects. One was placed on the upper part of the tailing ponds representing the youngest deposits (10 years), while the second transect was placed on the lower part representing the oldest deposits (40-50 years). The distance between the pitfall traps was 3 m, while the distance between the transects was about 100 m. The traps were exposed for the first three days of each month (June to October). The traps were emptied each month during both sampling periods (2010 and 2011). The pooled sample of 10 traps consisting of one transect was used as a replicate in further analysis. The identification of carabids and ant workers was performed according to Hůrka [19] and Czechowski et al. [20] , respectively. The identification of both groups was performed based on morphological traits, namely antennae location, antennae pubescence, shape of pronotum and elytra, body size in carabids, and number of waist segments, femur, body color, head shape in ants.
Statistical Analysis
In order to describe the fauna of carabid beetles and ants in the study sites, discriminant analysis was performed. Study site (Trzebionka, Bolesław) was applied as a grouping variable, while species were used to design the discriminant functions. To simplify the discriminant function model, the forward selection method was applied. This means that variables (species) were added to the model one at a time. 
Results and Discussion
Species Diversity of Carabid Beetles
In total, 1,123 specimens of carabid beetles belonging to 45 species were detected (Table 2) in Trzebionka and Bolesław, which is about 9% of all species of carabids found in Poland [21] . In general, all identified species (except for A. cursistans) are common and widespread throughout Poland [21] . Both study sites were dominated by C. ambiguus, whose relative abundance amounted to 57% and 59% in Trzebionka and Bolesław, respectively (Table 2) . C. ambiguus prefers dry and warm unshaded habitats [19] , which can explain its high abundance. Schwerk and Szyszko [22] [23] also identified the high abundance of Calathus carabids in post-industrial areas. In terms of habitat preferences, the community of carabid beetles of both sites was established mainly by species of open areas, though Trzebionka differed from Bolesław in terms of the higher number of forest carabids (Table 3 ). Most species identified in both study sites were of small or medium body size, which is in line with a similar study by Belskaya and Zolotarev [24] indicating that the contribution of small species of carabids is higher in disturbed than in undisturbed areas.
The discriminant analysis performed on carabid beetles collected in 2010 showed that 6 species -A. bifrons, A. euronota, A. cursistans, P. niger, B. bullatus, P. cruxmajor -can be used to design one function that significantly discriminates between Trzebionka and Table 3 . Habitat preferences of carabid beetles and ants collected at the "Trzebionka" and "Bolesław" study sites. Each number denotes the percentage share of species representing a certain habitat preference. The categories were defined according to Hůrka [19] , Czechowski et al. [20] , and Aleksandrowicz [21] .
Bolesław (P<0.01, Table 4 ). In 2010 these species were detected in Trzebionka but not in Bolesław. Among these species, A. bifrons had the highest standardized coefficient (0.75, Table 4 ) being the most significant discriminator between Trzebionka and Bolesław. Although a similar analysis was performed using data collected in 2011, no discriminant function was designed because of the relatively low species-F values. Cluster analysis showed that northern, southern, or eastern exposures did not form distinct clusters (Fig. 1a) , suggesting that exposure should not be considered a main factor shaping the variability of species diversity of carabids. The higher number and abundance of carabids in Trzebionka than in Bolesław (Table 2) can be explained by the fact that more trees and other plants (such as Hippophae rhamnoides, Symphoricarpos albus, and Festuca ovina) were introduced for reclamation purposes in Trzebionka. This reclamation practice resulted in dense plant cover and hypothetically created more micro-climatically diverse habitats in Trzebionka than in Bolesław within a relatively small area. In Trzebionka, old forest stages of about 40-50 years are located at a distance of about 100 m from the areas covered by herbaceous plants (personal observation). According to Oliver et al., higher habitat heterogeneity provides more diverse resources and more differentiated niches that may meet the requirements of a much higher number of species than homogeneous habitats [25] . The heterogeneity-diversity relationship has been investigated in a number of studies, including beetles [26] and other insects [27] [28] . However, not all trends are positive [29] [30] , which is hypothesized to be influenced by the differences in resource availability between the investigated communities [31] . A positive correlation between plant cover and number of carabid species is widely recognized [32] [33] [34] . Dense plant cover can retain humidity [35] , supporting the establishment of mesohygrophilous or hygrophilous carabids such as C. violaceus, A. signatus, and P. niger, found in the present study only in Trzebionka (Table 2 ).
Species Diversity of Ants
In total, 6,108 specimens of ants representing 16 species were identified (Table 5) , which is about 16% of all species of ants found in Poland [20] . In general, all species identified in the study sites are common and widespread in Poland [20] . The ant community was dominated by one species, namely F. cinerea, whose relative abundance accounted for more than 80% and 40% in Trzebionka and Bolesław, respectively (Table 5) . F. cinerea occupies thermophilic and xerophilic open habitats and forests, as well as sunny sandy sites with sparse vegetation [36] .
As with the carabids, cluster analysis showed that exposure should not be considered a relevant factor that determines ant species diversity in investigated sites (Fig. 1b) . In turn, the discriminant analysis applied to the ants collected in 2010 allowed us to construct one significant discriminating function based on two species: M. rubida and F. cinerea (P = 0.01, Table 6 ). When data collected in 2011 were analysed, one significant discriminant function was constructed that included 3 species, i.e., M. ruginodis, L. niger, and M. rubida (P<0.01, Table 6 ). Based on an analysis of both seasons, M. rubida seems to be the most important discriminator between the study sites. In both seasons, this species was more abundant in Bolesław than in Trzebionka. M. rubida Table 4 . Results of discriminant analysis performed on carabid beetles collected in 2010. The listed species were selected by the analysis to construct a significant function discriminating between the "Trzebionka" and "Bolesław" study sites. No discriminant function was designed from the data collected in 2011 due to the relatively low species F-values. Fig. 1 . The cluster analysis of the composition of species of carabid beetles a) and ants b) at the "Trzebionka" and "Bolesław" study sites. N, S, E -denotes the exposure.
is montane species frequent in Central and south-eastern Europe occurring at 500-2,000 m a.s.l. [36] . Even though this species is considered typical for mountain grassy habitats, it was also recorded in the lowlands and also on coal mining spoil dumps [37] . It was concluded that M. rubida is an efficient colonizer of disturbed areas [37] . In terms of habitat preferences, the community of ants of both sites was established mainly by forest and open-area-species (e.g. M. schencki, F. cinerea, L. niger), but more forest species, such as F. rufa, F. truncorum, were found in Bolesław than in Trzebionka (Table 3) . The forest species detected in Bolesław may be foragers from the coniferous forest located close to the study area, as species such as F. rufa can forage over distances greater than 100 m [20] .
Conclusions
To summarize, although the investigated sites are relatively small and highly polluted by trace metals, the species diversity of both carabids and ants in both study sites and both seasons is relatively high. However, the communities are established by common and widespread species in Poland and are highly dominated. The composition of species of carabid beetles and ants differed between the investigated sites. We suggest that these results reflect the reclamation practices that created variable microhabitats. This variability shapes the differences in the compositions of species, most likely due to the presence of more humid niches in Trzebionka, the comprehensively reclaimed tailing pond. The difference between the study sites was shown to be more important in shaping the species diversity of both carabids and ants than northern, southern, or eastern exposure. Table 6 . The results of the discriminant analysis performed on ants collected in 2010 and 2011. The listed species were selected by the analysis to construct a significant function discriminating between the "Trzebionka" and "Bolesław" study sites.
